The Large Hadron Collider (LHC) at CERN has been designed to collide beams of protons at 7, 8, 13, and 14 TeV center-of-mass energies and a new hadron collider called the Future Circular Collider (FCC), which is larger and more energetic than the LHC, is being planned for the near future. The maximum planned energy for FCC is 100 TeV center-of-mass energy. In this regard, we present the leading order and next-to-leading order cross-section predictions of two simultaneously produced opposite-sign W bosons at 7, 8, 13, 14, and 100 TeV center-of-mass energies by using the MCFM MC generator. The results are obtained by CT14, MMHT2014, and MSTW2008 parton distribution functions.
Introduction
Hadron colliders are large accelerators designed for the discovery of new particles and the observation of theoretically available particles. They become tools of discovery at the highest mass energy limit [1] . Since the best way for studying untested physics is to use higher collision energies, the high energy physics community has designed and is planning to design higher energy particle colliders.
Today's biggest and most powerful hadron collider, the Large Hadron Collider (LHC), is the prominent example of hadron colliders. Proton-proton (pp) collisions were successfully performed at 7 and 8 TeV centerof-mass energies by the LHC during 2010 and 2012. After successfully analyzing the recorded data, the LHC groups, CMS and ATLAS, reported the observation of the Higgs boson and the LHC opened a new era in particle physics with this discovery [2, 3] . However, there are still many open questions that cannot be answered by the standard model (SM) [4] and the theories beyond the SM. Higher collision energies will lead to the discovery of new particles and answer many open questions in the field. Because of this, the center-of-mass energy at the LHC will be increased gradually, causing a more intense luminosity. The current data at the LHC are being taken at √ s = 13 TeV and it will reach its maximum planned energy of √ s = 14 TeV after being upgraded in 2019 [5] . A new and more energetic hadron collider, the Future Circular Collider (FCC), is under consideration for the post LHC-era with a center-of-mass energy of 100 TeV, which is almost one order of magnitude higher than the LHC's energy [6] . [8] . For these predictions, three commonly used PDFs, CT14 [9] , MMHT2014 [10] , and MSTW2008 [11] , are used. The MSTW2008 PDF was previously shown to be a more advanced version of the previously used PDF sets such as MRST. Then, including various new data at the LHC, MMHT2014 PDFs were obtained from the same basic framework as MSTW2008. The CT14 PDF was designed as the next generation of the CT10 PDF, which was previously used by the HERA and Tevatron experiments. All three PDFs (MSTW2008, MMHT2014, and CT14) can be used in LHC analysis since they include various data processes at the LHC. In our previous studies, we confirmed the consistency of these PDFs with various LHC datasets [12, 13] . The Table shows We first select the MMHT2104 PDF as a reference PDF and compare LO, NLO, and NNLO PDF results at a range from 7 to 100 TeV, as shown in Figure 1 . As can be seen in the figure, the cross-section increases when the center-of-mass energy increases. From 7 to 14 TeV, (NLO QCD + NNLO PDF) > (NLO QCD + NLO PDF) > (NLO QCD + LO PDF). However, from 14 to 100 TeV, it is exactly the opposite. We further compare NLO QCD results that are obtained by NNLO of CT14, MMHT2014, and MSTW2008 PDFs as shown in Figure 2 . As can be seen in the figure, the results for three different PDFs are consistent with each other both for LHC level energies (from 7 to 14 TeV) and FCC pp collision energy (100 TeV). Once the collision energy of protons is increased, the obtained number of events from the data increases.
In other words, if we have an equal amount of 7 and 8 TeV data, the number of W + W − events at √ s = 8 TeV will be greater than at √ s = 7 TeV. The reason why this situation occurs is that the cross-section of particles increases with the increase of the collision energy. The mathematical statement of this fact can be given as follows:
Number of events = Cross-section × luminosity Luminosity (L) is the ratio of the number of events detected (N) in a certain time to the interaction cross-section ( σ). If we take this one further step, we can set the following equation: Based on this statement, we calculate the required data amount at √ s = 8, 13, 14, and 100 TeV to satisfy 7 TeV statistics. Here, the cross-section numbers are used from MMHT2014 NNLO PDF NLO QCD predictions as given in the Figure 3 illustrates the numbers of required data at √ s = 8, 13, 14, and 100 TeV to reach the same statistics with 7 TeV data. As can be clearly seen, the required data amount decreases with the increase of the collision energy for W + W − events.
Conclusion
This study presents LO and NLO QCD predictions of two simultaneous and opposite-sign W bosons (
The LO QCD predictions are obtained by LO PDFs of CT14, MMHT2014, and MSTW2008 PDF models and NLO QCD corrections are obtained by LO, NLO, and NNLO PDFs of CT14, MMHT2014, and MSTW2008 PDF models. First, we showed the consistency of the PDFs (CT14, MMHT2014, and MSTW2008), comparing the cross-section results that are obtained by these PDFs at a range from 7 to 100 TeV. Then MMHT2014 PDF was taken as a reference PDF model and LO, NLO, and NNLO corrections of the PDF were compared for LHC energies (from 7 to 14 TeV) and FCC pp collision energy (100 TeV). The results showed that the cross-section of W + W − events increases at all corrections when the collision energy increases. With this result, we understand that the higher center-of-mass energies will provide larger amounts of data with the same statistics compared to lower center-of-mass energies. Because of this, we calculated the amount of required data at √ s = 8, 13, 14, and 100 TeV to obtain the same statistics with 7 TeV data. The results show that the required amount of data is 
